Halostella salina gen. nov., sp. nov., an extremely halophilic archaeon isolated from solar salt . In multilocus sequence analysis (MLSA), five housekeeping genes, atpB, EF-2, radA, rpoB¢ and secY, were found to be closely related to those of the members of the genera Halorientalis(89.7 % similarity of the atpB gene sequence), Halomicroarcula(91.9 %, EF-2), Haloterrigena(85.4 %, radA), Natronoarchaeum (89.2 %, rpoB¢) and Natrinema(75.7 %, secY). A phylogenetic tree generated from the results of MLSA of the five housekeeping genes showed that strain CBA1114
The order Halobacteriales has the sole family Halobacteriaceae of which the type genus is Halobacterium (Larsen, 1989) . At the time of writing, the family Halobacteriaceae comprised 24 genera and over 60 species, based on the List of Prokaryotic Names with Standing in Nomenclature database (Euz eby, 1997; Parte, 2014) . Members of the order Halobacteriales are aerobic and chemo-organotrophic, and have various cell morphologies (rod, coccus and pleomorphic). Most members of the order grow at neutral pH (Gupta et al., 2015) . They have been isolated from different saline environments including salt lake sediments, soda lakes and marine salterns. In the family Halobacteriaceae, Halapricum salinum (Song et al., 2014) and Halarchaeum salinum (Yamauchi et al., 2013) have been isolated from solar salts. In the present study, we isolated an extremely halophilic archaeon from non-purified solar salt and determined its phylogenetic, phenotypic and chemotaxonomic properties. Strain CBA1114
T is proposed as representing a novel species of a new genus within the family Halobacteriaceae.
To isolate haloarchaeal strains, solar salt samples collected from a solar saltern in the Republic of Korea (34 36¢ 33¢¢ N 126 17¢ 15¢¢ E) were serially diluted and inoculated onto DSM medium no. 954 (M954), which contained the following ingredients (per litre): 5 g yeast extract, 5 g Casamino acids, 20 g MgCl 2 Á6H 2 O, 2 g KCl, 12 g Tris, 0.2 g CaCl 2 Á2H 2 O, 200 g NaCl and 20 g agar adjusted to pH 7.4 with 1 M HCl. The plates were incubated aerobically at 37 C for 2 months. Haloarchaeal colony were successively streaked at least three times on the same medium, and a single well-isolated colony was designed strain CBA1114 T . For long-term preservation, strain CBA1114
T was frozen at À80 C in liquid medium M954 supplemented with 5 % (v/v) DMSO. The reference strain Haloterrigena thermotolerans DSM 11522 T was obtained from the Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH (DSMZ) and Halalkalicoccus jeotgali B3 T was obtained in our previous study (Roh et al., 2007) . The strains were cultured using medium M954 at 37 C.
Genomic DNA was extracted from strain CBA1114 T by using a G-spin Total DNA Extraction Kit (iNtRON Biotechnology) and QuickGene DNA tissue kit S (Kurabo). The 16S rRNA gene was amplified using PCR (Weisburg et al., 1991) with forward and reverse primers 0018F (5¢-ATTCCGGTTGATCCTGCC-3¢) and 1518R (5¢-AGGAGGTGATCCAGCCGC-3¢), respectively (Cui et al., 2009) . For analysis of the heterogeneous 16S rRNA gene sequences, the PCR product was cloned using an All in One PCR cloning kit (BioFact) according to the manufacturer's protocol. Twenty clones were picked randomly and sequenced. The genes encoding the ATP synthase subunit B (atpB), elongation factor 2 (EF-2), DNA repair protein (radA) and the preprotein translocase subunit (secY) were amplified according to Papke et al. (2011) , and the RNA polymerase subunit B (rpoB¢) gene was amplified according to the method of Minegishi et al. (2010) . The PCR products were sequenced and assembled as described previously (Roh et al., 2008) using the SeqMan program (DNAStar). The 16S rRNA gene sequence of strain CBA1114
T was aligned with sequences of related species with validly published names using the SILVA Incremental Aligner (Pruesse et al., 2012) . The phylogenetic neighbours and pairwise sequence similarities based on 16S rRNA genes were determined using EzTaxon-e (Kim et al., 2012) . Sequences of the housekeeping genes of related taxa used for multilocus sequence analysis (MLSA) were obtained from the GenBank database (http://www.ncbi. nlm.nih.gov) and sequence similarities for each gene were calculated using the Basic Local Alignment Search Tool (Altschul et al., 1990) . Phylogenetic trees were reconstructed according to the neighbour-joining (NJ) (Saitou & Nei, 1987) , maximum-parsimony (MP) (Fitch, 1971) and maximum likelihood (ML) (Felsenstein, 1981) methods using MEGA6 (Tamura et al., 2013) with 1000 bootstrap replications for each.
We determined a nearly complete sequence (1457 bp) of three 16S rRNA genes, rrnA, rrnB and rrnC, of strain CBA1114
T . Levels of 16S rRNA gene sequence similarity of rrnA, rrnB and rrnC were 99.7-99.9 %. Phylogenetic analysis based on the 16S rRNA genes classified CBA1114
T as a member of the class Halobacteria; however, strain CBA1114
T did not cluster with those of other haloarchaeal genera (Fig. 1) (75.7 %, secY). Phylogenetic trees based on the three housekeeping genes of EF-2, secY and rpoB¢ showed that strain CBA1114T clustered with different haloarchaeal strains and the tree based on the atpB and radA genes showed the strain did not cluster with any haloarchaeal strains (Fig. S1 , available in the online Supplementary Material). However, the phylogenetic analysis of concatenated sequences of the five housekeeping genes indicated that strain CBA1114 T clustered tightly with Halorientalis regularis JCM 16425 T belonging to the family Halobacteriaceae, regardless of the tree-making algorithms (Fig. 2) .
The phenotype of strain CBA1114
T was determined according to the proposed minimal standards for describing extremely halophilic archaea (Oren et al., 1997) using medium M954 as the basal medium, unless indicated otherwise. Strain CBA1114 T was observed by using a phasecontrast microscope (Eclipse 80i; Nikon) and an electron microscope (SUPRA 55VP; Carl Zeiss) to determine its morphology and size. Gram staining was performed as described by Dussault (1955) . Tests for activity of catalase, oxidase and urease, nitrate and nitrite reduction under aerobic conditions, indole production, and the hydrolysis of casein and starch were conducted as described by Benson (2002) . Hydrolysis of Tweens 40 and 80 was tested as described by Gonz alez et al. (1978) , while gelatine hydrolysis was tested according to Smibert & Krieg (1994) . H 2 S formation was tested according to Cui et al. (2007) . Phenylalanine deaminase activity was determined as described by Ederer et al. (1971) using the suggested medium supplemented with 20 % (w/v) NaCl. Arginine dihydrolase was tested following Brooks & Sodeman (1974) , while production of lysine decarboxylase and ornithine decarboxylase was determined as described by Oren et al. (1997) . To determine growth under anaerobic conditions, cells were incubated in the basal medium containing 30 mM nitrate, 5 g L-arginine, 5 g DMSO or 5 g trimethylamine N-oxide (TMAO) at 37 C in an anaerobic chamber (Coy Laboratory Products) in an atmosphere containing N 2 , CO 2 and H 2 (90 : 5 : 5, by vol.).
To measure the growth rate and optimal growth conditions, medium M954 was modified as required. NaCl concentrations were 10-30 % (w/v) at intervals of 5 %. Growth was measured from 5 to 60 C at intervals of 5 C. The pH range was adjusted to pH 5.0-11.0 at intervals of 1.0 pH unit using 
Cells of strain CBA1114
T were coccoid with a diameter of 0.7-1.4 µm, similar to members of the genera Halococcus, Halalkalicoccus and Natronococcus. Strain CBA1114
T was Gram-stain-negative, formed red, smooth and round colonies that lysed in distilled water, tested positive for catalase and hydrolysis of Tween 40 but tested negative for oxidase and urease activities, hydrolysis of Tween 80, starch, casein and gelatine, and indole production from tryptophan. Nitrate was reduced to nitrite, but nitrogen gas was not produced from nitrite. H 2 S was not produced from thiosulfate. Activities of phenylalanine deaminase, lysine decarboxylase, arginine dihydrolase and ornithine decarboxylase were not observed. T was sensitive to anisomycin, bacitracin, chloramphenicol, ciprofloxacin, erythromycin, neomycin, norfloxacin, novobiocin and rifampicin but was resistant to ampicillin and penicillin G.
The isoprenoid quinones were extracted from freeze-dried cells using chloroform/methanol (2 : 1, v/v) (Collins & Jones, 1981) and were identified using an HPLC system (YL9100; Younglin). The composition of polar lipids was determined using one-and two-dimensional TLC with Merck F254 silica gel-60 plates as described previously (Minnikin et al., 1984) . The plates were sprayed with 10 % ethanolic molybdophosphoric acid to detect total lipids, molybdenum blue to detect phospholipids and a-naphthol-sulphuric acid to detect glycolipids. The G+C content of the genomic DNA was determined using a next-generation sequencing method using an Ion Torrent PGM sequencer (Life TechnologiesÔ) according to the manufacturer's instructions (Thermo Fisher).
The major isoprenoid quinone was menaquninone-8 (MK-8). The polar lipids of strain CBA1114
T detected were phosphatidylglycerol, phosphatidylglycerol phosphate methyl ester, three unidentified glycolipids, two unidentified phospholipids and an unidentified lipid (Fig. S2a) . The profile of polar lipid spots of strain CBA1114
T was different from that of Haloterrigena thermotolerans DSM 11522 T , which is the closest related species based on 16S rRNA gene sequence similarity (Fig. S2b) . The genomic DNA G+C content of strain CBA1114
T was 68.1 mol%, which is higher than that of Haloterrigena thermotolerans PR5 T (63.3 mol%) (Montalvo- Rodríguez et al., 2000) in the family Natrialbaceae and similar to that of Halobacterium jilantaiense NG4
T and Halomicrobium zhouii TBN51 T (67.1-71.2 and 69.1 mol%, respectively) (Grant, 2001; Yang et al., 2006) in the family Halobacteriaceae.
Phylogenetic, phenotypic, genomic and chemotaxonomic analyses were performed to evaluate the taxonomic position of strain CBA1114
T . The phylogenetic analysis based on the 16S rRNA and five housekeeping gene sequences indicates that the strain is phylogenetically distinct in the family Halobacteriaceae of the order Halobacteriales. The different phenotypic, genomic and chemotaxonomic properties also distinguished the novel strain from other members in the haloarchaeal genera (Table 1) . Therefore, based on this -Rodríguez et al., 2000) ; 3, Haloterrigena saccharevitans AB14 T (Xu et al., 2005) ; 4, Natrinema pellirubrum NCIMB 786 T (McGenity et al., 1998) ; 5, Halopiger xanaduensis SH-6 T (Guti errez et al., 2007) ; 6, Halalkalicoccus jeotgali B3 T (Roh et al., 2007) ; 7, Natronolimnobius innermongolicus N-13311 T (Itoh et al., 2005) ; 8, Natronococcus roseus CG-1 T (Corral et al., 2013) . +, Positive; -, negative. Description of Halostella gen. nov.
Halostella (Ha.lo.stel'la; Gr. n. hals, halos salt; L. fem. n. stella star; N.L. fem. n. Halostella salt star).
Cells are Gram-stain-negative and coccoid. Growth occurs at pH 7-9, at 20-50 C and with 15-30 % (w/v) NaCl. Optimum growth occurs at pH 8, at 40 C and with 20 % (w/v) NaCl. Chemo-organotrophic, growing on a wide range of substrates, including single and complex carbon sources. Does not grow under anaerobic conditions with nitrate, L-arginine, DMSO or TMAO. The major polar lipids are phosphatidylglycerol, phosphatidylglycerol phosphate methyl ester and unidentified lipids. The major isoprenoid quinone is MK-8. Phylogenetically related to the genera Haloterrigena, Natrinema, and Halopiger.
The type species of the genus is Halostella salina. Recommended three-letter abbreviation: Hsl.
Description of Halostella salina sp. nov. T =KCTC 4206 T ), isolated from solar salt in the Republic of Korea. The genomic DNA G+C content of the type strain is 68.1 mol%.
